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http://dx.doi.org/10.1016/j.hkpj.2013.11.00Abstract Patellofemoral pain syndrome (PFPS) is a very common knee condition with various
aetiologies. Because of the nebulous factors of the syndrome, physiotherapists often find it diffi-
cult to assess and treat these patients. The aim of this study was to identify the clinical assess-
ment tool that can differentiate PFPS patients from patients with other lower limb conditions.
Fifty-two patients from the National Health System (26 with PFPS and 26 with other lower limb
conditions) took part in this study. They underwent a series of strength, flexibility, and stress
tests. Their pain levels were also recorded. The results showed that among the various clinical
tests, only the hip flexion component of the Thomas test was able to differentiate between
the two groups. In addition, the stress test showed that the PFPS group could not recover their
gluteal muscle strength in the same way the group with the other lower limb conditions did.
The Lower Extremity Functional Scale was found to be more able to differentiate between the
two groups than the Anterior Knee Pain Scale. This study has shown that it is difficult to find spe-
cific clinical tests to diagnose PFPS. More research is needed in this important area.
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Patellofemoral pain syndrome (PFPS) is a very common con-
dition especially among runners, and is thus also known as
runner’s knee [1]. PFPS is a result of a biomechanical problem
rather than actual damage of the knee [2], and its aetiology is
reported to be multifactorial [3]. There is much literature
examining the factors that may cause PFPS. A recent sys-
tematic review [4] has reported an increased Q angle, sulcus
angle, patella tilt angle, less hip abduction strength, lower
knee extension peak, and less hip external rotation strength
as important factors that cause PFPS. Regarding muscle
strengthening, a recent review [5] has shown the importance
of quadriceps and hip muscle strengthening in PFPS treat-
ment. However, research findings on muscle weakness in pa-
tients with PFPS are inconsistent. Although all studies have
shown weakness in the hip external rotators, the results are
mixed for the quadriceps [6,7] and hip abductors [8,9]. The
relationship between PFPS and hamstring strength is also not
fully understood [10]. An extensive review of soft-tissue
tightness by Waryasz and McDermott [10] reported that only
the quadriceps muscle was found to be consistently tight in
patients with PFPS [2,9,11], whereas contradictory results
were found for the gastrocnemius [9,11], the hamstrings
[2,9,12], and the iliotibial band [9,13]. Thus, it remains un-
clear as to what specific tests (e.g., muscle strength and
flexibility tests) candifferentiatepeoplewithPFPS fromthose
with other lower limb conditions.
In a previous study [14], the methods that local National
Health Service (NHS) physiotherapists use to assess, treat,
and measure outcomes in PFPS were identified. Most of
them included strength and flexibility tests of several
muscles and visual analogue scales (VASs). The next step
was then to identify which of those methods were reliable,
valid, and able to differentiate healthy controls from NHS
patients with PFPS [15].
This study aimed to identify the strength and flexibility
tests that can differentiate patients with PFPS from pa-
tients with other lower limb conditions.
Methods
Participants
All participants were recruited by an extended scope phys-
iotherapistwho identified them fromtheir NHS physiotherapy
referrals. An invitation letter and an information sheet were
then sent to potential participants and if they were inter-
ested in the study, they were arranged to see the researcher
after their first physiotherapy appointment. Participants had
at least 2 days to decide whether they would participate or
not. Ethical approval was granted by the local NHS Research
Ethics Committee (10/WNo01/60). Informed consent was
obtained from all participants prior to data collection.
The inclusion criteria were: having been referred to the
physiotherapy department of a local hospital (Ysbyty
Gwynedd) by their physician or consultant for assessment
and treatment due to PFPS or any other lower limb condi-
tions. The other lower limb conditions were those of the
knee (e.g., patella dislocations, ligament and menisci
tears, and syndromes of the knee different from PFPS), orthe hip (e.g., unspecific hip pain and trochanteric bursitis),
or the ankle (e.g., sprains, Achilles tendon problems,
plantar fasciitis), or muscle tightness in the lower limb. The
aforementioned conditions were all reported in patients’
referrals and no further assessment was done by the
research team during recruitment.
Participants were excluded if they had any open oper-
ation of the hip, knee, or ankle; history of arthritis;
neurological conditions; low back pain or sciatic pain; open
wounds; fractures; or the patient being unable to under-
take both sessions.
The required sample size of this study was calculated
by an online calculator for observational, cohort, and
clinical trial studies (www.sph-emory.edu/). The two-
sided significance level was set at 0.05, power at 80%,
the ratio of nonexposed to exposed participants was set at
1.00, and the risk/prevalence difference was set at 0.3.
An estimated sample of size of 26 participants for each
group was required.
Procedures
After having received their first session of physiotherapy,
the study participants met with the researcher (K.P.) who
was blinded to the patients’ diagnoses. Details of the par-
ticipants’ weight, height, and age were recorded by the
same researcher. Participants then underwent the
following assessments. All the following physical tests are
considered to assess risk factors for PFPS and have been
found to be used by NHS physiotherapists [14]. These
methods have also been found to be reliable and valid and
able to differentiate patients with PFPS from healthy peo-
ple without any other lower limb conditions [15].
Modified Thomas test
The modified Thomas test was performed with the partic-
ipant positioned on the edge of a physiotherapy couch. The
participant then rolled back on the couch and held both
knees to the chest ensuring that the lumbar spine was flat
and the pelvis was in a posterior rotation. The participant
kept holding the contralateral leg in maximum knee and hip
flexion with the arms, while the tested limb was lowered
towards the floor. The result was considered to be positive
if the tested limb was unable to touch the couch.
Patella compression test
The patella compression test was performed in a supine po-
sitionwith the tested kneeflexed to 20. Thepatellawas then
compressed against the femoral groove. When the partici-
pant reported pain, the test was recorded as positive [16].
Flexibility tests
First, the modified Thomas test was performed as
mentioned earlier, to assess whether there was any
tightness in the iliopsoas and quadriceps muscles. To
measure iliopsoas tightness, the axis of the goniometer
(Absolute-Axis; Baseline, New York, NY, USA) was posi-
tioned on top of the greater trochanter, with one arm
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the other arm parallel to the midaxillary line of the trunk.
To measure quadriceps tightness, the axis of the goniom-
eter was placed on the head of the fibula on the examined
leg, with one arm being parallel to the longitudinal axis of
the tibia pointing towards the lateral malleolus and the
other parallel to the longitudinal axis of the femur
pointing towards the greater trochanter. The non-
examined leg was fully flexed and held by the partici-
pant’s hands while the tested leg was extended by gravity.
The maximal hip extension and knee flexion range of
motion values were recorded when the gravity could not
further extend the hip and flex the knee. No additional
passive movement was performed by the researcher’s
hands in either hip extension or knee flexion [17]. A more
positive hip angle value represents more severe tightness
of iliopsoas, whereas a greater knee extension angle rep-
resents more severe tightness of quadriceps.
Second, the hamstrings flexibility test was conducted.
Participants were in supine position. Two straps were
placed, one on the nonexamined leg across the thigh, and a
second over the anterior superior spines of the ilia to stabi-
lize the pelvis. A line was drawn between the fibular head
and lateral malleolus of the leg. This line represented the
longitudinal axis of the leg and was a reference of accurate
placement of the goniometer. The examiner moved the hip
to 90 (confirmed by a goniometer) and the participant
started the test by holding this position with the knee flexed
and the foot in plantar flexion. The hip was then stabilized at
90, and the participant actively extended the knee until
they reached initial mild resistance. The angle of the knee
flexion taken by the goniometer was then recorded as the
flexibility of the hamstring muscles [18]. A greater knee
flexion represents more severe tightness of the hamstrings.Strength tests
Participants were then asked to complete a series of strength
tests on a portable dynamometer (PowerLab/16SP; ADIn-
struments, Castle Hill, Sydney, Australia). Seven contractions
(each of them lasting for 5 seconds) were completed for each
test. The first three repetitions were a warm up of 25%, 50%,
and 75% of their maximum strength, whereas the last four
were at 100% of their maximumvoluntary contractions. There
was a 2-minute break between the contractions.
The muscle strength tests involved the following:
(1) Isometric knee extension (IKE): Participants were
placed in a sitting position with the knee extended at
60 from full extension. The hip was flexed at 90, while
the trunk, pelvis, and foot were strapped with belts
[19]. The participants were then asked to forcibly
extend their knee against the dynamometer.
(2) Isometric hip abduction (IHA): The participant was
placed in the side-lying position on the HUMAC NORM
(HUMAC NORM Model 770; CSMi, Stoughton, MA, USA)
with the tested leg uppermost and the other knee
flexed at 90. The spine and pelvis were then placed in
neutral alignment and stabilized by the researcher’s
hands, while the tested leg was strapped at 30 of
abduction. The participants were asked to stabilizethemselves further by holding the handle under the bed
with one hand, and putting their other hand under their
head. They were then asked to forcibly abduct their leg
against the dynamometer with maximal effort [20].
(3) Isometric hip external rotation (IHER): In the supine
position with both knees fully extended and the tested
leg externally rotated to 5, the participant was asked
to rotate the foot externally against the resistance of
the dynamometer. The pelvis and the tested knee were
strapped with belts as no pelvic movement or knee
flexion was allowed [21].
(4) IHA-clam:The clampositionwas performed in a side-lying
position with the knees flexed at 90, the hips flexed at
60, and the feet tied togetherwith a belt. The researcher
stabilized the pelvis while the participant further stabi-
lized himself/herself by holding the handle under the
HUMAC NORM bed with one hand [20]. The tested leg was
then abducted to 30 and the participant was asked to
push against the resistance of the dynamometer.
The testeretest reliability and validity of the portable
dynamometer after comparison with a nonportable dyna-
mometer (HUMAC NORM Model 770; CSMi, Stoughton, MA,
USA) was assured in a previous unpublished study [reliability
intraclass correlation coefficient (ICC): (IKE Z 0.986,
IHAZ 0.935, IHERZ 0.972, IHA-clamZ 0.947); validity ICC:
(IKE Z 0.995, IHA Z 0.980, IHER Z 0.901, IHA-
clamZ 0.984)]. For all strength tests, the peak torque value
(in Newton) was measured using Charter 5 software (Biopac,
Goleta, USA) for Windows. Only the highest of the four
maximum contractions was used for analysis. The strength
was normalized by the participant’s weight (N/kg).
Functional stress protocol
Participants then performed a functional stress protocol
involving two sets of 30 repetitions from a clam position [20]
to 30 of hip abduction with a red Thera-Band (The Hygenic
Corporation, Akron, OH, USA) around both of their knees.
The red Thera-Band (4 pounds force in 100% elongation) is
an elastic band physiotherapists use in the clinic when they
prescribe resistance exercises to their participants. The
band was tied tightly so it was not loose around the knees.
During the protocol, the researcher held a t-shape standing
measure, which was adjusted to show each participant the
position of 30 of hip abduction. The knee had to touch the
t-shape tool on each repetition of the protocol. There was a
2-minute break between the two sets.
As soon as the functional stress protocol was completed,
two more maximum isometric contractions from the clam
test positionwere immediately performedusing the portable
dynamometer. The first contraction was used to identify how
much the functional stress protocol had reduced the par-
ticipant’s force and the second, which took place 2 minutes
later, was used to assess the rate of recovery.
Scales
Participants were asked to complete a series of scales.
These included the Anterior Knee Pain Scale (AKPS) [22],
the Lower Extremity Functional Scale (LEFS) [23], and four
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common scales in the assessment of PFPS [24], testing
disability, dysfunction, and pain and have been used as
outcome measurements in PFPS studies, showing high
reliabilitydr > 0.9 [25,26]. For the four VASs, participants
were asked to mark on a 10-cm line (0: no pain; 10: pain as
bad as it could possibly be) to indicate their usual pain, pain
on the testing day, worst pain the previous week, and pain
after the stress clam test respectively. Finally, all patients
were asked to report how long they had their pain for,
whether their pain was permanent or on/off, and whether
they did any sports. All scales were completed without
researcher’s assistance. Participants read the instructions
written above each scale and then completed the forms
themselves.
Statistical analysis
The characteristics of the two groups (height, weight, age,
etc.) between the two groups were compared using the
independent t tests or Chi-square tests, depending on
the level of data. Paired t tests were used to compare the
prefunctional and postfunctional stress clam protocol. The
same analysis was also conducted for the pain experienced
between prior to (VAS on the day) and after the stress clam
protocol (VAS after the functional stress clam). The value
for significant difference was set at 0.05. SPSS version 17
(IBM, New York, NY, USA) was used for all statistical anal-
ysis. Finally, for the Modified Thomas test and patella
compression test, the proportion of true positive mea-
surements (sensitivity) and the proportion of true negative
measurements (specificity) were identified. In addition, the
predictive values of positive and negative tests were also
calculated [27]. Using the suggested cut-off point of pre-
vious authors [27], sensitivity, specificity, and predictive
values at 90% were considered to be acceptable.
Results
Participants
A total of 188 potential participants were contacted by the
rheumatologist (J.G.J.). Fifty-nine did not answer when
they were called, 37 refused to take part, 19 had missed
their appointments and had to be re-referred, seven of
them were found to be not eligible for the study after theyFigure 1. Recruitmwere called, and 14 could not be tested as the researcher or
the equipment was not available at the time the patients
had their treatment booked (Fig. 1). In summary, 26 pa-
tients with PFPS (17 women and 9 men) and 26 age- and
sex-matched patients with other lower limb conditions
participated in this study. Testing took place from February
2011 to November 2011.
Among the men in the non-PFPS group, there were four
cases with ankle sprains, two with patella dislocations, two
with anterior cruciate ligament injuries, and one with a
meniscal tear. Among the women in the non-PFPS group,
the conditions included hip pain (n Z 3), patella disloca-
tions (n Z 2), ankle sprains (n Z 2), medial cruciate liga-
ment injuries (n Z 2), Achilles tendon injury (n Z 1),
greater trochanteric bursitis (n Z 1), knee meniscal tear
(n Z 1), plantar fasciitis (n Z 1), calf tightness (n Z 1),
iliopsoas syndrome (n Z 1), knee injury (n Z 1), and
jumpers knee syndrome (n Z 1).
Demographics
Table 1 shows the characteristics of the PFPS and the non-
PFPS groups. No significant difference was found for age,
height, and weight between the two groups. The PFPS
group had been experiencing pain for 43.9  50.2 months,
compared with the non-PFPS group (28.8  53.1 months).
No significant difference was found between the groups,
however (p Z 0.294). Only four PFPS patients reported
permanent pain, whereas the other 22 patients reported
on/off pain. Nine patients from the non-PFPS group re-
ported permanent pain. No significant difference was found
between the two groups in the proportion of people
reporting permanent pain (pZ 0.201). Finally, only 12 of 26
PFPS patients reported that they were involved in sports or
fitness clubs, compared with nine in the non-PFPS group.
The difference, however, was not statistically significant
(p Z 0.573).
The diagnostic modified Thomas test and patella
compression test
The modified Thomas test was found to be positive in 17 of
the 26 in the PFPS group. In the non-PFPS group, nine of
the 26 people had a positive modified Thomas test. The
difference in proportion of people who was tested positive
between the two groups did not reach statisticalent procedure.
Table 1 Participant characteristics of the PFPS and non-PFPS groups
PFPS group Non-PFPS group p
Age (y) 35.0  9.1 39.7  10.8 0.101
Height (m) 1.72  0.09 1.68  0.07 0.090
Weight (kg) 77.4  18.9 78.1  15.5 0.901
Sex (male/female) 9 males/17 females 9 males/17 females 1.000
Permanent pain 4 patients 9 patients 0.201
Athletic/nonathletic population 12 were athletic
(3 runners, 3 footballers,
3 fit people who went to
the gym 3 times/week,
1 basketball player,
1 horse rider,
1 netball player)
9 were athletic
(3 cyclers, 3 footballers,
1 long distance walker,
1 rugby player, 1 swimmer)
0.573
Data (except for sex, permanent pain, and population) are presented as mean  standard deviation.
PFPS Z patellofemoral pain syndrome.
39significance (pZ 0.051). The patella compression test was
positive in 10 of the 26 PFPS people, whereas the same
test was found positive in three of the 26 people in the
non-PFPS group, with no significant between-group dif-
ference (pZ 0.053). Table 2 shows the true positive, true
negative, sensitivity, specificity, and predictive values of
the two tests. None of the values reached 90%. Only the
patella compression test was found to have high speci-
ficity, at 88%.
Flexibility tests
The analysis showed that the degree of iliopsoas tightness
was significantly more severe in the PFPS group than in the
non-PFPS group (p Z 0.039). There was no between-group
difference in quadriceps and hamstrings flexibility (Table
3).
Strength tests
There was no difference between the PFPS and the non-
PFPS group in the strength test results (Table 4). Fig. 2
displays the strength results for this study.
Clam functional stress protocol
The clam functional stress protocol induced tiredness in
both groups, thus significantly reducing the muscle test
performance from clam test position in both groups
(Table 5). The within-group analysis showed that the non-Table 2 True positive, true negative, sensitivity, specificity, an
True positive
cases
True negative
cases
Sensit
Modified Thomas test 17/26 17/26 65
Patella compression test 10/26 23/26 38
Data are presented as %, unless otherwise indicated.PFPS group could recover successfully, which was not the
case for the PFPS group (p  0.001). However, between-
group analysis showed no significant results. Fig. 2 dis-
plays the results for the clam-related force.
Scales
Between the two large scales that were designed to assess
function and pain of patients with anterior knee pain (AKPS)
[21] and function of patients with general conditions of the
lower extremity (LEFS) [22], only the latter differentiated
between the two groups. However, p was marginal (0.047).
The VAS after the functional stress clam did not reveal any
deterioration in pain in both groups when it was compared
with the pain they had on the day of the assessment (PFPS
group pZ 0.958; non-PFPS group pZ 0.746). Finally, none
of the VASs showed significant difference between the two
groups (Table 6).
Discussion
The study aimed to check the ability of various clinical tests
to differentiate patients with PFPS from patients with other
lower limb conditions. Overall, the PFPS and the non-PFPS
groups yielded very similar results, with only small differ-
ences on patients’ performance in these tests. The main
findings of this study were that the isometric strength
assessment tests could not differentiate the PFPS group
from others prior to treatment. In addition, although the
PFPS group was found to have less iliopsoas flexibilityd predictive values of the diagnostic tests
ivity Specificity Predictive value
of positive test (þ)
Predictive value
of negative test (e)
65 65 65
88 77 58
Table 3 Comparison of leg muscle flexibility between the two groups
Flexibility tests () PFPS group Non-PFPS group p
Iliopsoas flexibility 6.4  7.3 2.7  5.2 0.039*
Quadriceps flexibility 64.0  15.4 64.1  13.9 0.963
Hamstrings flexibility 33.3  18.1 28.0  15.6 0.261
Data are presented as mean  standard deviation.
* Significant difference at p  0.05.
PFPS Z patellofemoral pain syndrome.
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difference between the groups. There was a significant
decrease in isometric clam force after the functional stress
clam for both groups; however, the PFPS group could not
recover in the same way the non-PFPS group did. Finally,
among all the pain scales, only the LEFS could differentiate
between the two groups.
The diagnostic modified Thomas test and patella
compression test
The two diagnostic tests (the modified Thomas and patella
compression test) were not very useful in distinguishing
patients with PFPS and those without. This is because the
tests revealed many positive cases in the non-PFPS group.
The sensitivity and specificity values of these two tests
were also not that satisfactory (<90%). Previous studies
compared PFPS patients with healthy controls [16], and the
sensitivity and specificity of the patella compression test
was reported to be 50% and 55%, respectively. Comparisons
with other studies are difficult because of the heteroge-
neity of the non-PFPS group in our study. However, it should
be noted that the proportion of people who were tested
positive in the modified Thomas test and patella compres-
sion test was substantially higher in the PFPS group than in
the non-PFPS group, and statistical significance was almost
reached (p Z 0.05e0.06). Significant results could have
been obtained if a larger sample size had been used.
Flexibility tests
In a previous study [15], it was revealed that the hamstring
flexibility test was able to differentiate PFPS from healthy
controls. In the current study, although the PFPS group
tended to have less hamstring flexibility than that of the
non-PFPS group, the difference was not significant. TheTable 4 Comparison of leg muscle strength between the two g
Strength tests (N/kg) PFPS group
Isometric knee extension 5.0  1.7
Isometric hip abduction 2.3  0.8
Isometric hip external rotation 1.1  0.6
Data are presented as mean  standard deviation.
PFPS Z patellofemoral pain syndrome.reason could be that muscle tightness not only appeared in
PFPS but also in other syndromes or lower limb conditions
that were included in this study (i.e., jumper’s knee syn-
drome). In addition, some patients in the non-PFPS group
were referred to physiotherapy because of muscle tightness
(e.g., iliopsoas muscle and calf muscles) and probably their
condition affected other muscles as well. In contrast, the
hip flexion in the modified Thomas test showed a significant
difference when the two groups were compared, with more
hip flexor tightness in the PFPS group. This is in line with
the results obtained by Tyler et al [28], who assessed 35
patients with PFPS and found that 31 of 43 lower limbs with
PFPS were positive when tested with the hip flexion
component of the modified Thomas test, concluding that
there was a need of increasing the flexibility of the hip
flexors among PFPS patients.
Strength tests
The results revealed that both groups had similar muscle
strength in the isometric tests. This can be explained by
the fact that all patients, regardless of the group they
belonged to, found it difficult to perform the strength
tests because of the problem/injury they had. Therefore,
although the strength tests in a previous study of ours
showed that muscle strength tests could differentiate
PFPS patients from healthy controls [15], they could not
differentiate PFPS from other lower limb conditions.
Therefore, it cannot be claimed that a specific force value
obtained in a particular muscle strength test can identify a
PFPS case.
Clam functional stress protocol
The IHA from clam position did not show any difference
between the two groups and the clam functional stressroups
Non-PFPS group p
5.1  2.7 0.973
2.4  1.0 0.664
1.2  0.7 0.742
Figure 2. Muscle force differences between the PFPS and non-PFPS groups. No significant between-group differences were
revealed. Each error bar represents a standard error of the mean. PFPS Z patellofemoral pain syndrome.
41protocol fatigued both of the groups similarly. However, the
inability of the PFPS group to recover after 2 minutes of the
first postclam isometric exertion indicated that the clam
test could probably be a useful task as a diagnostic test. In
addition, the VAS after the functional stress clam showed
that the protocol did not induce more pain. As overloading
the muscle is a key to muscle growth and muscle endurance
[29] and as the functional stress clam test was shown to
fatigue PFPS patients more severely than the non-PFPS
group, this protocol may be used by clinicians to improve
gluteal strength and endurance.
Scales
The AKPS did not differentiate PFPS patients from patients
with other lower limb conditions. This is somewhat surpris-
ing, as the AKPSwas originally designed to be test specifically
for anterior knee pain conditions [22], including PFPS. Our
results showed that the LEFS was able to differentiate be-
tween the two groups (with marginal significance
valueZ 0.047), although it was designed for testing general
conditions of the lower limb [23]. In a recent systematic re-
view [30], it was shown that the LEFSwasmore able to detect
change in PFPS populations than the AKPS. In addition, theTable 5 The functional stress protocol
Prefunctional
stress clam
force (N/kg)
Post 1 functional
stress clam force
(N/kg)
Post 2 fun
stress clam
(N/kg)
PFPS group 1.94  0.75 1.49  0.68 1.58  0.6
Non-PFPS group 1.97  1.16 1.63  1.15 1.87  1.2
p for between-group
comparisons
0.904 0.566 0.242
* Significant difference at p  0.05.
PFPS Z patellofemoral pain syndrome; Post 1 Z the isometric clam
stress clam; Post 2 Z the isometric clam contraction, which took plasame authors suggested that the LEFS can be applied to a
wide range of knee conditions.
The four VASs did not differentiate between the two
groups. The non-PFPS group generally reportedmore pain on
all four scales but the differencewas not significant. The VAS
for usual pain could detect the average pain patients were
experiencing, but as PFPS reportedmore an on/off pain than
a constant pain, a separate VAS for the pain on the day of the
assessment was deemed necessary. Both groups reported
more pain on the VAS for worst pain in the previous week,
compared with the usual pain and pain on the day of the
assessment. This is not surprising because several activities
(especially on the sporty participants) could increase the
pain levels in both groups. However, none of the two groups
reported severe pain levels in the previousweek, whichwere
also close to the usual pain levels. The PFPS participants
revealed similar pain characteristics compared to the par-
ticipants with other conditions of the lower limb. In general,
they felt better on the day of the assessment compared with
their usual pain and they had more pain on the week prior to
their visit to the physiotherapy department. Finally, the VAS
after the stress clam did not differentiate PFPS participants
from those with other conditions as the task did not increase
the pain levels in both groups.ctional
force
p (comparison
between pre
and post 1
functional stress
clam force)
p (comparison
between pre
and post 2
functional stress
clam force)
p (comparison
between post
1 and post 2
functional stress
clam force)
6 0.001* 0.001* 0.108
2 0.001* 0.090 0.001*
d d d
contraction, which took place immediately after the functional
ce 2 minutes after the functional stress clam.
Table 6 Pain differences between the two groups
AKPS LEFS VAS usual pain VAS worst pain VAS on the day VAS after functional
stress clam
PFPS group 66.23  16.26 55.03  15.85 4.32  2.74 5.30  3.43 2.35  2.33 2.32  2.52
Non-PFPS group 57.46  19.53 45.85  16.73 4.67  2.32 6.56  2.33 3.71  2.86 3.45  2.77
p from group
comparison
0.196 0.047* 0.614 0.130 0.067 0.129
Data are presented as mean  standard deviation.
* Significant difference at p  0.05.
AKPS Z Anterior Knee Pain Scale; LEFS Z Lower Extremity Functional Scale; VAS Z visual analogue scale.
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Blinding was difficult in this study, as in some cases the
conditions of the patients was noticeable. Therefore, the
researcher could sometimes detect the group the partici-
pants belonged to by the way they walked into the physio-
therapy cubicle. Psychosocial factors were not measured in
this study and should probably be addressed in the future.
Conclusions/implications
The major finding of this current study was that various
strength, flexibility, and special tests in general did not
differentiate patients with PFPS from people with other
lower limb conditions. Only the hip flexion component of the
modified Thomas test and the LEFS can probably be used to
identify possible PFPS cases. The functional stress clam may
be used as an exercise by clinicians to strengthen gluteal and
external rotation muscle groups in the PFPS group who show
more fatigue in these muscles. This study showed how diffi-
cult it is to identify clinical tests for diagnosis of PFPS.
Therefore, the current findings agree with Cook et al [30]
who suggested that because of the nebulous pathology of
PFPS, there is a need of diagnosis of exclusion as part of the
definition for PFPS. More research in this area is required.
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